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Method and system for providing cellular communication services 
FIELD OF THE INVENTION 

The present invention relates generally to mobile telephone systems. More particularly, 
the present invention relates to a method of providing cellular communication services 
based on user location. The location of a mobile telephone within the geographic 
serving area of a mobile telephone systems is determined, and the system enables 
various services based on a defined geographic service scheme. 



BACKGROUND OF THE INVENTION 



Mobile telephone systems, also referred to as cellular telephone systems, have become 
increasingly popular. These systems are generally made up of cell sites, each of which 
serves a coverage area, or cell. The cell site is the location withm a cell which contains 
the required hardware (e.g. antenna(s) and radio base station) to communicate with the 
mobile telephones. A mobile telephone operating within a particular cell in the system 

m communicates with the mobile telephone system through the cell site covering that cell. 

q The various cell sites are connected to a mobile switching center which connects the 

C mobile telephone system to the land-line telephone network. 

fU The widespread use of cellular systems and the low cost thereof have many 

0) advantages, such as high availability and freedom from cables. However, various 

^ problems arise from the use of wireless mobile telephones. 

JU. One of the problems with using mobile telephones stems from the electromagnetic 

J radiation emitted from such devices, which might affect susceptible equipment, 

pj Various health authorities prohibit the use of wireless communications devices in 

ru hospitals. 

® Another problem associated with the use of cellular telephones arises when subscribers 

receive calls when attending activities requiring silence. Most cinemas and concert halls 
request their guests to shut-down all pagers and cellphones before the beginning of the 
show. 



It is well known in the prior art that preventing use of cellular mobile phones may be 
implemented by transmitting a simple jamming signal on the control channel frequency 
transmitted by the cellular system, thereby disabling the mobile unit from 
communicating with the cellular system. 

The jamming method for enforcement of cellphone usage policy has several 
drawbacks. First, in order to jam the cellular control (or paging) channel(s) one has to 
transmit a blocking signal using the same frequency band used by the cellular 
operators. When transmitting the jamming signal, one has to take precautions not to 
interfere with cellular communications outside the controlled area. It is well known to 
a man skilled in the art that precise control of electromagnetic radiation is a complex 
and expensive task. 



Second, by jamming all communications between the cellular system and the mobile 
unit, the subscribers are totally disconnected from the cellular network and cannot use 
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any of the services offered by the cellular system. For example, in some places it may 
be desired for subscribers to receive paging and SMS services only, or to be able to 
perform urgent distress 91 1 calls. Completely jamming the control channels denies 
such services from all subscribers. 

Present cellular systems partially provide indication of the cell site where a particular 
subscriber is located. Various location systems based on the cell site antennas provide 
more accurate information with respect to the mobile unit's position. However most 
cellular location methods are insufficiently accurate and cannot determine the mobile 
unit's exact position. The US Federal Communications Commission (FCC) will require 
cellular operators to locate a mobile phone within a 125-meter radius by 2001. 

SUMMARY OF THE INVENTION 



l tie present invention provides a method and system for enabling cellular 
communication services respective to several parameters, such as the current location 
of the mobile unit, time, and other attributes rendered to subscribers. 

According to the present invention, the cellular system receives data regarding the 
mobile unit's location. The cellular system includes a Location management unit 
comprising computer hardware and software to determine the type of service 
applicable in accordance with the subscriber's current location and profile and time of 
day. The management unit may be operated at the MTSO, or at the different base 
stations. 

An objective of the invention is to provide a method and system for providing cellular 
communication services respective to user location and profile. In accordance with the 
premises management usage policy. 

Another objective of the invention is to enable cellular operator to provide selective 
services to cellphone users visiting in different locations such as hospitals, airplanes, 
cinema halls, military bass or otherwise secure locations etc. Thus, the cellular operator 
may provide only silent messaging to users who have entered a cinema hall, and may 
not provide any services to users who have entered a hospital, so as to prevent 
electromagnetic interference, or to users who have entered a secure facility in order to 
prevent compromise of premises security. 

In accordance with another aspect of the invention, a front-end module is placed within 
a controlled area and reports to the cellular system which subscribers are located in the 
controlled area. 

In accordance with another aspect of the invention, the front-end module increases the 
accuracy of other means for locating the position of cellular subscribers where the 
cellular system incorporates additional location capabilities. 



In accordance with yet another aspect of the invention, the cellular system receives the 
location of the subscriber without any special action on the part of the mobile 
telephone or the mobile telephone user. 



* 

In accordance with another aspect of the invention, a clone base station front-end 
positioned in the regulated area communicates with mobile cellphones in the area, 
thereby controlling cellphone's availability and operation mode. 

These and other advantages of the invention will be apparent to those of ordinary skill 
in the art by reference to the following detailed description and the accompanying 
drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The invention will be better understood and its numerous objects and advantages will 
become more apparent to those skilled in the art by reference to the following 
drawings, in conjunction with the accompanying specification, in which: 

FIG. 1 is an illustrative diagram describing a typical cellular system composed 
of 7 cell sites, each having a base station incorporating a transceiver. 

FIG. 2 is a functional diagram illustrating the components of a cellular system 
included in one embodiment of the present invention. 

FIG. 3 shows a cellular telephone system regulated area location system in 
accordance with one embodiment of the present invention. 
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FIG. 4 is a block diagram of one preferred embodiment of the location system 
digital signal processing. 

FIG. 5 is a flow diagram illustrating the steps performed by the present 
invention when a mobile user originates a call. 

DETAILED DESCRIPTION 



FIG. 1 illustrates a basic cellular system having 7 hexagonal cells numbered 1-7. Cell 7 
is shown in the center, surrounded by adjacent cells 1-6. The serving area of a mobile 
p telephone system would typically contain more than 7 cells, however, for ease 

J of reference, only 7 cells are shown in FIG. 1. Each cell 1-7 contains a base station 

HJ including a transmitter, receiver and base station controller as are well known in the 

fy art. The base station transmitter/receiver is connected to an antenna tower 11-17 which 

*0 is used to transmit signals to, and receive signals from, mobile telephones, within the 

£0 mobile telephone system serving area. In FIG. 1 the base stations antenna tower^ 11-17 

are selected to be located at the center of each of the cells 1-7, respectively and are 
equipped with Omni-directional antennas. However, in other configurations of a 
cellular radio system, the base station towers 1 1-17 may be located near the periphery, 
or otherwise away from the center of the cells 1-7 and may illuminate the cells 1-7 with 
radio signals either Omni-directionally or directionally. Therefore, the representation of 
the cellular radio system of FIG. I is for purposes of illustration only and is not 
intended as a limitation on the possible implementations of a mobile radio 
communications system within which a regulated area is defined for the purpose of 
locating subscribers and providing location oriented services. A regulated area 10 is 
located within cell 7, and a plurality of mobile units are used across the entire serving 
area within cells 1-7. Again, only one regulated area is shown in FIG. 1, but it should 
be understood that the actual number of regulated areas can be larger, in practice. 

Each cell 1-7 has assigned to it a plurality of voice or speech channels for transmitting 
and receiving voice signals, and at least one access or control channel for transmitting 
control data signals, such as a forward control channel, and receiving control data 
signals from the mobile units, such as a reverse control channel. Referring to FIGS. 1 
and 2, consider mobile telephone unit 22 which is operating in cell 7. The mobile unit 



22 is communicating over the air interface with the mobile telephone system via base 
station antenna 24. Voice signals are communicated between the mobile unit 22 and 
the antenna 24 via one of the cell's voice channels, and control data signals are 
communicated between mobile unit 22 and the antenna 24 via the cell's control 
channel. The control channel is used to control or supervise the operation of the mobile 
unit by means of information transmitted and received from these units, referred to as 
messages. Control- and administration messages within a cellular radio system are sent 
in accordance with industry established air interface standards, such as AMPS and 
ELA/TIA 553, the standards for analog cellular operations, and/or D-AMPS, IS-54 and 
IS- 136, the standards for digital cellular operations, all of which are hereby 
incorporated by reference herein. Similar standards such as IS-95 for Code Division 
Multiple Access (CDMA) and Global System for Mobiles (GSM) govern other 
geographic areas throughout the world, and are well known to those skilled in the art. 

A mobile tclcpKone system in ducui dance with one embodiment of the present 

invention is shown in FIG. 2. The mobile unit 22 is a digital mobile telephone which 
operates according to the North American Time Division Multiple Access (TDMA) 
system IS-55 standard, and the air interface is described by the IS-54 and IS- 136 
standards. See, EIA/TIA Interim Standard IS-54-B "Cellular System Dual-Mode 
Mobile Station-Basestation Compatibility Standard", April, 1992; EIA/TIA Interim 
Standard IS- 136 M Cellular System Dual-Mode Mobile Station-Basestation: Digital 
Control Channel Compatibility Standard", April, 1995. Each eel! 1-7 within the mobile 
telephone system serving area contains a cellular base station antenna tower 24 which 
is connected to the mobile telephone switching office (MTSO) 25. 

In such a situation, cell 7 is the serving cell since the voice data is being communicated 
through that cell. In addition to the communication with the serving cell, the mobile 
unit 22 also monitors the control channels of nearby cells. 

The information exchanged between base stations and mobile units via messages, may 
include incoming call signals, outgoing call signals, paging signals, paging response 
signals, location registration signals, voice channel assignments, maintenance 
instructions and handofF instructions as the mobile units travel out of the radio 
coverage of one cell and into the radio coverage of other cells, as well as other 
additional items of information such as calling party numbers, time information and the 
like. The control or voice channels may operate in either analog or digital mode or a 
combination thereof based upon industry standards. 

The regulated area 2 1 is located within the coverage area of the cell site. The mobile 
unit 22 shown within the regulated area communicates with the cellular base station 24 
via an air interface. A front-end module 23 is installed within or near the regulated area 
21. The front-end module monitors the radio messages transmitted by the mobile unit 

22 and determines if the unit is located within the regulated area. The front-end module 

23 communicates with the cellular base station 24 via the reverse control channel and 
notifies the MTSO 25 of all mobile units currently located within the regulated area. 
The MTSO 25 includes a service management unit (SMU) 26. The SMU includes 
software that runs and updates a database of all cellular subscribers current location 
and profile. And a data resulting in a digital map of regulated areas. The data received 
from the front end is compared to data from other sources, in order to improve the 
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accuracy of the location coordinates, and determine whether the user is actually inside 
the regulated area. The SMU determines what services are currently available to each 
user. Whenever a mobile unit located within a regulated area requires service from the 
cellular system (e.g. initiates or receives a call), the MTSO checks the user database if 
such service conforms with the defined usage policy. 

Usage policy in regulated areas may differ in accordance with the Mobile Identification 
Number (MIN) or the Electronic Serial Number (ESN) resulting in different services 
available to different mobile unit, as a function of the user location and profile 
definition. 



Since various cellular operators use different methods for locating their subscribers, at 
various levels of accuracy, a disclosure includes an optional method and system for 
locating subscribers within defined areas. The describes location method may be used 
in addition to other location methods and systems, and may not be required where the 
cdlulai system is able to derive accurate enough positioning data. 

FIG 3, illustrates one embodiment of the present invention wherein a defined regulated 
area 3 1 are one or more mobile units. Only one mobile unit 32 is shown in FIG. 3, but 
it should be understood that the actual number of mobile units may be larger. The 
presence or absence of mobile units in any particular regulated area should be 
understood to depend, in practice on the individual desires of subscribers utilizing the 
mobile units. A plurality of mobile units, such as mobile unit 32 shown in FIG. 3 are 
used outside the regulated area 3 1. A front end unit 34 is located within or near the 
regulated area 3 1 . The front end unit 34 incorporates an array of receiving antennas 35 
comprising a plurality of antennas separated from each other so as to enable accurate 
intersection of the signals transmitted from the mobile units nearby the regulated area 
31. In the illustrative example of FIG. 3, three receiving antennas 36-38 are utilized to 
determine the location of a mobile unit 32. While three receiving antennas 36-38 are 
utilized in the illustrative example of FIG. 3, it should be understood that a different 
number may be utilized in practice. The present invention monitors all messages 
transmitted by the mobile units located in the vicinity of regulated area 3 1 vis-a-vis the 
antenna array 35 connected to the front end unit 34. By measuring signal strength, 
propagation delay, or both from each of the receiving antennas 36-38, the distance of 
the mobile unit 32 from each antenna is calculated. Arcs of possible locations of the 
mobile unit are then derived from the calculated distances. Wei! known geographical 
intersection techniques such as triangulation, arculation, probability density functions, 
and the like are then used to calculate the location of the mobile unit. The front end 
unit 34 converts the measured signal strength, propagation delay, or both from each of 
the antennas 36-38 into digital format and transmits the measured values to a nearby 
base station 39. In the preferred embodiment, all measurements from various base 
stations are relayed to the MTSO, wherein a processor unit 30 calculates the location 
of all mobile units in the vicinity of regulated areas wherein a front end unit is installed. 
It should be understood that the location of the processor unit may be either within the 
front end unit 34 or within the base station 39 as well as the MTSO 30. Preferred 
embodiments of the present invention make significant use of digital signal processing 
techniques. Such techniques entail the use of appropriate forms of sampling and 
conversion hardware to convert analog radio frequency signals into sampled digital 
data forms. These techniques are widely known in the art, and are capable of 
performing many functions traditionally implemented using analog components. The 
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advantage of using digital signal processing includes better control of noise during 
conversion, sampling, and filtering; and exact replication of these functions from each 
receiving antenna. Since the front end unit serves as a conversion facility to digital 
signals, it becomes technically immaterial where the actual processing is performed. 
Thus, the digital measurements can be processed either within the front end unit or at 
any other location such as a base station or the MTSO. Moreover, one skilled in the art 
will recognize that in a commercial implementation of the present invention, the actual 
location of the processor is a cost tradeoff involving the cost of digital signal 
processing subsystems and the cost of transferring the raw digital measurements from 
the front end units to the MTSO. 



Dl 



FIG. 4 illustrates a typical location technique disclosed in U.S. Patent No. 5,608,410 to 
Stilp et al entitled "SYSTEM FOR LOCATING A SOURCE OF BURSTY 
TRANSMISSIONS CROSS REFERENCE TO RELATED APPLICATIONS", which 
i s i nco rpo rated by r e ference heiein. It should be noted tha t t he present Invention is rtot 
limited to the Stilp method and any other sufficiently accurate location method can be 
utilized. Referring to FIG. 4, the front end unit is made up of an elevated ground-based 
antenna array comprising three antennas receives transmissions from mobile units over 
the reverse control/access channel, typically of the nearest cell site. Signals received by 
each antenna are fed into a sampler 41, which converts the sampled signals into frames 
of digital data at a prescribed sampling frequency. Each frame of data comprises a 
prescribed number of data bits and time stamp bits that represent the time at which the 
responsive signal was received. Baseband converters 42 receive the sampled signals 
and provide a baseband signal derived therefrom. A multi-antenna processor 43 
combines and distinguishes the signals received from the individual antennas in the 
antenna array, and then provides a single representation of a signal for further 
processing. A transmission demodulator 44 determines the demodulated data content 
of the responsive signal, where the demodulated data content includes information 
identifying the mobile unit, possibly its electronic serial number (ESN) and/or mobile 
identification number (MIN). A database subsystem 45 determines how and whether a 
responsive signal should be stored for further processing, or whether it should be 
discarded. A signal processor 46 extracts selected signal characteristics from the 
frames of digital data, such as timing, power, frequency and phase. A data reduction 
and forwarding subsystem 47 selects and compresses the data frames before 
transmission over communications facilities to the central site (MTSO). A timing 
module 48 determines a synchronization signal common to all the antenna site 
components. The system is self-calibrated by a calibration module 49 which determines 
and corrects changes in delay, frequency and phase of various site components. 

FIG. 5 is a flow diagram illustrating the steps performed by the SMU when a mobile 
phone subscriber originates a call when located in the regulated area. The system 
begins in FIG. 5 at step 5 1 where a user originates a call to a land subscriber. As the 
user's request for service is received, the system moves to step 52 and checks the 
user's position ,and optionally updates it with new data. At step 53 the SMU 
determines the accuracy of the user's location. If the system determines that the user's 
location is not sufficiently accurate then the system moves to step 57 and provides the 
default level of service or a level of service defined for inaccurate positioning in the 
vicinity of the regulated area . If it is determined that the user's location is accurate the 
system proceeds to step 54 and determines the defined usage policy for the user's 
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location. If at step 54 it is determined that the user's current location is not defined as 
having a specific usage policy then the system moves to step 57 and provides the 
default level of service. If, at step 54 it is determined that the user's current location 
has a defined usage policy then the system proceeds to step 55 where it is determined if 
the said user (or user group) has a specific permission which overrides the general 
definitions of the level of service available in the regulated area. If at step 55 it is 
determined that the user has a specific permission, then the system moves to step 58 
and provides the level of service designated to said user. If; however, at step 55 it is 
determined that said user does not have a specific permission, then the system proceeds 
to step 56 where the service rendered to the user is determined in accordance with the 
usage policy defined to its current location. The steps illustrated in FIG. 5 are followed 
both when the service is initiated by the mobile user or when the user is totally passive 
and the call or message is initiated by another subscriber, whether mobile or land 
based. 



Table I describes a basic usage policy database for a cellular system in accordance with 
one embodiment of the present invention. Line 1 sets the basic rule - all subscribers are 
allowed access to all services at all time. Line 2 denies all cellular services from all 
subscribers located within the hospital at all time. Lines 3 and 4 limit all subscribers 
located at the concert hall (except 245677) to SMS services only during the concert 
time (22:00-24:00). Line 9 provides additional services to User 518603 when located 
in the company factory area, including wider bandwidth for network connection and 
video conferencing, better quality of service, reduced price, conference call service etc. 

Table 1 



No. 


Subscriber 
MEN 


Location 


Time 


Services 
Allowed 


Services 
Denied 


1. 


ALL 


ALL 


ALL 


ALL 




2. 


ALL 


Hospital 


ALL 




ALL 


3. 


ALL 


Concert hall 


22:00-24:00 


SMS 


ALL 


4. 


245677 


Concert hall 


ALL 


ALL 




5. 


ALL 


Cinema 


22:00-24:00 


SMS 


ALL 


6. 


230882 


Cinema 


ALL 


ALL 




7. 


ALL 


Public library 


ALL 




ALL 


8. 


586362 


Public library 


ALL 


ALL 




9. 


586362 


Company 
factory 


ALL 


ALL+64kbps 
Bandwidth 





Similarly, the availability and price of additional services may be determined respective 
to MIN and user profile definitions versus, user current location and regulated areas 
database. 
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In one embodiment of the present invention, areas such as corporate office buildings 
are divided into sections. The SMU manages communications services and resources ■ 
according^ to user location. 

The SMU receives usex.loca tinn data a<? dp<^h f^ anH c Pn Hc ^mmanH s to the MIS O, 
and other subsystems of the cellular network, to determine the services to be provided 
to users in the. d esi g n ated location. Therefore,, when a. mobile cellular subscriber enters 
designated areas," incoming calls may not be directed to the user cellphone at all, or 
may be redirected as an. incoming call to the. nearest available, wkeline.telephone 
extension. SMU may also manage and control the availability of resources managed by 
the corporat e pr e m i se soherein. In order to control av ailahilhy of rey^nys managed 
by the corporate, the SMU typically communicates via the cellular telephone network, 
wi th a re s ourc e : m a n agement unit at the erirpnratP* n ffire b uilding F nr evample tj iR 
SMU detects the presence of a specific user in the office and (1 ) signals to the 
computer.via the, wireless. network: in grant/ deny access.to rnmputer appliratinp^ 



networks and files and determines database permissions; (2) Similarly, by 
c ommunicating with a control n nit, . by: means of wirelessjmodenD^ the SMU enahleaor 
disables specific auxiliary services and resources available in said designated area, such 
as manapmy availability of equipment pri nters^ lab. equipment mmmimir.atinn anrl 
video conferencing utilities etc; (3) The SMU, via wireless network and control unit at 
the corpor a te end ^ equipped with wireless modern^ may allow/deny. phy<tir^l a<v^ ss tn 
specific rooms;(4) grant/deny access to classified information in physical cabinets; (5) 
determine e mployee presen ce at the nffirte and perform Egging; (ft) andJhroadcast 
general messages pertinent to users in specific locations, such as messages regarding 
fire al a rm , security alarm. etc. 

The fo regoing Detailed Description is to beunderstood as heing_in every respect 
illustrative and exemplary, but not restrictive, and the scope of the invention disclosed 
herein is not to be determined feom-the D etailed Descr iption h.it rather from 
claims as interpreted according to the full breadth permitted by the patent laws. It 
should be understood that the Service Mana^mpnt T fr.it (QjvyfT T) software typio^lly 
located at the MTSO, may be Ipcated in the regulated area and communicate with 
cellular network.MT&OLor basestations as required. His to he underwo od that th* 
embodiments shown and described herein are only illustrative of the principles of the * 
pr esent inv e ntion ancLthat various mnHifiMti^ may he implftmf»nttf*d h y thrw* <z\ci]\nrl 
in the art without departing from the scope and spirit of the invention. For example, 
the detailecLdescription xlescribeda. method for calc ulating a location estimatehy using 
three signal strengths. However, the principles of the present invention could be 
extended to perform such^calcnlation using matethaiLthree signal strengths or 
different means for calculating the estimated location of the mobile unit Such an 
ext e n s ion could be readily implemented.hy Qne.of ordinary skill in the an gLventhe 
above disclosure. The presence of the cellphone in the regulated area may also be 
e stablished by o^ectiriglhe c ellphone using a p ositioning . fronL end a S a r egistry at.the 
entrance, corridor, or gate to the regulated area. The SMU will than extract a 
da tabas e - o f the actual position of the cellphone_users.at any given tim P armrHinot n 
the gates they passed and the positioning front end they have communicated with upon 

entering and fvitin g r egnlatpH ar^a s 
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In another embodiment selective^ locat inn a ripnf^ t^H rrvntrpt r^f ^Mular e»rvjr>j»s,fe 
achieved by positioning a phantom base station in the controlled location. The phantom 
base st ation simu l ates base st a tion signalin g in nivter tn mmmiiniratP with th* mobile 
phones in the location. The mobiles in the controlled location receive the clone 
signaling. &om the . nearby transmitter at a_ superior signal to noise ration and respond to 
the clone signaling rather than to the actual cellular system base station, the clone 
station_simulates signaling respective to. the required control and limitation of ^Hlular 
services in the controlled area. The clone station is capable of performing cellphone x 
registration, transmitting protocol signals that disable all mohilp S from receiving 
incoming calls, and transmitting protocol signals that disable selected services only. 
A clone- stat io a receiver enables, simulated mmmnniratinn with r^lphon^ The 
receiver enable the clone station to recognize cellphones with specific Mobile 
I dentification N umbers (MINs), predefined in. the. clone, station database, referring 
these selected users to use the actual base station operating in that area . The selected . 
users will still receive regular cellular se rving and will he> r» p »h\* of reiving 



incoming calls and other services. 

In yet another emb od i m ent, a m essaging center is incorporated inta the service 
^ management unit (SMU). When a mobile subscriber is located within a regulated area 

yj and the usage policy denned fox said subscriber denies voice communications,, the user 

□ is normally unavailable. Subscribers having voice mail messaging can route the 

W incoming call to their personal mailbox. However, subscrihers who do not have, voice 

^ mail messaging remain unavailable. The present invention incorporates an autonomous 

m messag i ng , system,, intended for cellular subscribers, who da not have a.personaI 

Cfc mailbox. When a non-voice mail cellular subscriber located within a regulated area is 

; jj called, the. messaging system enables the caller to leave a message in a temporary 

^ mailbox. When the non-voice mail cellular subscriber departs the regulated area, the 

p me ssaging system calls the non-voice mail cellular subscriber and notifies him that one 

4- or more messages are available for him. In cellular systems where a Calling Party Pays 

LH (CPP) billing, scheme is implemented, the charges for the messaging, service may be 

| !f billed to the calling party, at his consent. Alternatively, the voice mail message may be 

g handled by the. non-voice mail cellular subscriber as a. collect call, which has to. be , 

specifically accepted in order for billing to take place. It should be understood that the 

messaging system presented herein may provide services for voice, fax, data and video. 

The messaging system may be implemented within a wireline telephony system. 
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